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Claim 

A water-based ink composition, characterized by including at least one kind of 
water-soluble dye represented by the following general formula: 

HQ NH 9 

^^^SO,K)n|o,M M0,S 

Ri, R 2 : Hydrogen, alkyl group, alkoxy group, halogen, cyano group, carboxyl group, 
sulfonate, hydroxyalkyl group, carbamoyl group, and sulfamoyl group 
Ar: Phenyl group and naphthyl group substituted with, for example, a hydroxyl group, amino 
group, substituted amino group, alkyl group, and sulfonic acid group 
M: Cation of hydrogen, sodium, potassium, lithium, organic amine, etc. 
n = 1 or 2. 



Detailed explanation of the invention 
Field of the technology 

The present invention pertains to a water-based ink composition suitable for printing, 
writing tools, recorders, and stamps. In particular, the present invention pertains to a black water- 
based ink composition having excellent performance for inkjet printing. 

Prior art 

In an inkjet recording, for good recording over a long period, the ink for use is required to 
meet the following conditions. 
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1) According to the liquid droplet generation method and liquid droplet ejection direction 
control method, the ink properties of viscosity, surface tension, specific conductivity, and density 
of the ink should be within an appropriate range. 

2) During long-term storage, use over a long period, or a period of recording inactivity, 
no precipitation should occur by chemical changes, etc., and ink properties should not change. 

3) A recorded image should have a sufficiently high contrast and should be sharp. 

4) Drying of printed images should be fast. 

In order to meet the above requirements, it is required that the molar absorption 
coefficient of the dye used in the ink be sufficiently high and the solubility of the dye in water 
and wetting agent be sufficiently high. 

Furthermore, for ink used in a full color printer, etc., the following are required. 

5) A hue with excellent purity should be exhibited. 

6) The recorded image must be a sharp image with sufficient waterfastness, lightfastness, 
and wear resistance without blurring. 

In order to meet the above requirements, a number of inks for inkjet recording have been 
proposed so far, however in actuality, inks that sufficiently meet all the above-mentioned 
conditions have not been obtained yet. 

The above required characteristics depend on the materials prescribed in inks, especially 
the dye, and the development of a new dye has been in demand to meet these requirements. 

Usually, a water-based ink composition is basically composed of a dye and a polyhydric 
alcohol called a wetting agent or its esters and water, and if necessary, additives such as 
antimicrobial agent are also included. 

As dyes in a conventional black water-based ink, there are direct dyes and acid dyes such 
as CI. Direct Black-4, -17, -19, -32, -38, -51, -75, -112, -154, etc., and CI. Acid Black-1, -2, -7, 
-24, -28, -94, etc. 

However, since the direct dyes among these have poor solubility, the image density and 
the contrast cannot be sufficiently raised by increasing their concentration. 

Also, although the acid dyes have good solubility, since the waterfastness of images is 
inferior, specially processed paper must be used. 
Objective 

The objective of the present invention is to provide a water-based ink composition in 
which the above-mentioned conventional drawbacks are solved. More specifically, the objective 
of the present invention is to provide a black water-based ink with excellent ejection 
characteristics, especially excellent image sharpness, waterfastness, and lightfastness, without 
clogging. 
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Constitution 

The present inventors used a specific dye as a means to solve the above-mentioned 
drawbacks, and as a result, it was discovered that it had sufficient effects. Then, the present 
invention was completed. In other words, the water-based ink composition of the present 
invention is characterized by including at least one water-soluble dye represented by the 
following general formula. 



& HO NHj 




(£Q,H}ft S0 a M KOaS 



Ri, R 2 : Hydrogen, alkyl group, alkoxy group, halogen, cyano group, carboxyl group, sulfonate, 
hydroxyalkyl group, carbamoyl group, and sulfamoyl group 

Ar: Phenyl group and naphthyl group substituted with, for example, hydroxyl group, amino 
group, substituted amino group, alkyl group, and sulfonic acid group 
M: Cation of hydrogen, sodium, potassium, lithium, organic amine, etc. 
n = 1 or 2. 

The content of the dye represented by the above-mentioned general formula is 
0.5-20 parts by weight, preferably 1.5-6 parts by weight relative to the ink at 100 parts by 
weight. If the content is less than 0.5 part by weight, the effect as a colorant is weak, so that the 
hue of the image obtained is insufficient. If the content is more than 20 parts by weight (20 parts 
by weight are not included), precipitation occurs in the ink over the long term, so that inkjet 
recording tends to be insufficiently carried out. 

Next, specific examples of said dyes are mentioned. 
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(2) 
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RaO,S SOalte SO,Na NaO,S Ul^-OH 



(7) 



SO,** SO, Na NaO,S 



RaO,S 



(3) 
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S0,Na KaOiS ^^JL« SO,Ha NaO,S 



SO,Na 



"* 5 &,lfa Na °' S 



(4) 



HO NHj -v_ 
KfiO^S i^ Wa S 0 * 1 * 3 "*°* S 



(5) 



HO NH* 



Ct^OH 



(9) 



NO NHi »P|t 



(10) 
NC 




MU ^ 5k Na SC^fe KaO, 



(11) 



COOlfa HO JH, 

S0,Ka HaO a S 



SO,Na 



P»» HO NH, 



NaO,S^^SO,ffa SO,Na VaO±S 



OH 



(13) 



.CI HO NHt c ?» 
Cl NaO a S S0,Na S&Na KaO,S 



04) 
tfaOO 



SO, Ha 



«*0,S SOaNa SO,»a fla&S 



These dyes can be easily synthesized. For example, the dye shown in Specific 
Example (1), 3.7 g 4,4 , -diaminostilbene-2,2'-disulfonic acid are tetraazotized with 1.5 g sodium 
nitrite in 100 mL water and 8 mL hydrochloric acid (10°C, 3 h). 3.6 g H acid and 150 mL water 
are added to the tetraazotized solution and reacted with sodium acetate at pH 3 for 8 h while 
being well stirred. Next, the reaction solution is alkalinized with sodium carbonate, and a 
diazotized solution of 1.0 g aniline is gradually added to it at 5°C or below to it and reacted for 
1 h. Then, this solution is acidified, and 1.1 g m-phenylenediamine. pH is adjusted to 4-5 with 
sodium acetate and reacted at room temperature for 8 h. After the reaction is completed, it is 
salted out with table salt, so that 8.6 g black dye (yield 85%) with the structure shown by (1) are 
obtained. 

The ink of the present invention uses water as the solvent component, and in order to 
adjust the ink properties to the desired values, to prevent the ink from drying, and to improve the 
solubility of the dye, the following water-soluble organic solvents can also be mixed with water 
and used. 

Polyhydric alcohols such as ethylene glycol, diethylene glycol, triethylene glycol, 
polyethylene glycol, polypropylene glycol, and glycerin; alkyl ethers of polyhydric alcohols such 
as ethylene glycol monoethyl ether, ethylene glycol monobutyl ether, diethylene glycol 
monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol monobutyl ether, 
triethylene glycol monomethyl ether, and triethylene glycol monoethyl ether; 
N-methyl-2-pyrrolidone, 2-pyrrolidone, 1,3-dimethylimidazolidinone, dimethylformamide, 
triethanolamine, etc. 

Among these, diethylene glycol, polyethylene glycol 200-600, triethylene glycol, 
ethylene glycol, glycerin, and N-methyl-2-pyrrolidone are especially preferable, and a high 
solubility of the dye and a clogging prevention effect due to preventing moisture evaporation can 
be obtained by using them. 

The content of the above-mentioned water-soluble organic solvent in the ink can be in a 
range of 5-80% relative to the total ink weight, and the content is preferably in the range of 
10-40% in terms of viscosity, dryness, etc. 

In the ink of the present invention, conventional dyes and additives can be added in 
addition to the above-mentioned dyes and solvents. 

As antiseptics and antimicrobial agents, sodium dehydroacetate, sodium sorbate, sodium 
2-pyridinethiol-l-oxide, sodium benzoate, sodium pentachlorophenol, etc., can be used in the 
present invention. 

As a pH adjustor, any substance can be used as long as the pH of the ink can be 
controlled within a range of 9.0-11.0 without having a negative influence on the ink being 
prepared. 



As examples, amines such as diethanolamine and triethanolamine; hydroxides of alkali 
metal elements such as lithium hydroxide, sodium hydroxide, and potassium hydroxide; 
carbonate of alkali metals such as ammonium hydroxide [sic], lithium carbonate, sodium 
carbonate, and potassium carbonate, etc., are mentioned. 

As a specific conductivity adjustor, for example, there are inorganic salts such as 
potassium chloride, ammonium chloride, sodium sulfate, and sodium carbonate, water-soluble 
amines such as triethanolamine, etc. 

As a chelating agent, for example, there are sodium ethylenediaminetetraacetate, sodium 
nitrilotriacetate, sodium hydroxyethylethylenediaminetriacetate, sodium 
diethylenetriaminepentaacetate, sodium uramil diacetate, etc. 

As an anticorrosion agent, for example, there are acidic [sic] sulfites, sodium thiosulfate, 
ammonium thioglycolate, diisopropylammonium nitrite, pentaerythritol tetranitrate, 
dicylcohexylammonium nitrite, etc. 

In addition, water-soluble ultraviolet absorber water-soluble infrared absorber 
water-soluble high-molecular compound, dye dissolving acid, surfactant, etc., can be added in 
accordance with the purposes. 

Next, application examples and comparative examples of the present invention are 
shown. % is wt%. 

Application Example 1 

The following composition was heated at about 50°C, stirred and dissolved, and filtered 
by a Teflon filter with a pore diameter of 0.22 pm, so that an ink was prepared. The properties of 



said ink are shown in Table 1. 

Dye from Specific Example (1) 3.0% 

Diethylene glycol 15.0% 

Glycerin 5.0% 

Sodium dehydroacetate 0.2% 

Water 76.8% 



Similarly to Application Example 1 except for using materials of the following compositions, 
inks of Application Examples 2-5 and Comparative Examples 1-3 were prepared. 

Application Example 2 

Dye from Specific Example (5) * 
Diethylene glycol 
Glycerin 

Sodium dehydroacetate 



3.0% 
15.0% 
5.0% 
0.2% 



Water 
Application Example 3 

Dye from Specific Example (9) 

Diethylene glycol 

Glycerin 

Sodium dehydroacetate 

Water 
Application Example 4 

Dye from Specific Example (12) 

Triethylene glycol 

2,2-thiodiethanol 

Sodium benzoate 

Water 
Application Example 5 

Dye from Specific Example (15) 

Polyethylene glycol 200 

Triethylene glycol monomethyl ether 

Sodium benzoate 

Water 
Comparative Example 1 

Dye (CI. Direct Black-32) 

Diethylene glycol 

Glycerin 

Sodium dehydroacetate 
Water 
Comparative Example 2 

Dye (C.I. Direct Black-51) 
Diethylene glycol 
Glycerin 

Sodium dehydroacetate 
Water 
Comparative Example 3 

Dye (C.I. Acid Black-28) 
Diethylene glycol 
Glycerin 

Sodium dehydroacetate 



Water 



76.8% 



Table 1: Properties of inks 
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1 Viscosity (cP) (25°C) 

2 Surface tension (dyne/cm) (25°C) 

3 *1 Waterfastness, dye fading rate (%) 

4 *2 Lightfastness, dye fading rate (%) 

5 Application Example 1 

6 Comparative Example 1 

7 *1: The ink was diluted to a dye concentration of 1 wt% with purified water, 
spread on an individual sheet by a doctor blade, and dried for 1 day in the air, so 
that a sample was prepared. The sample was immersed for 1 min in water at 30°C, 
and the density [of the image] was measured by a Macbeth densitometer. It was 
compared with the density before immersion. 

Dye fading rate: [(Density before immersion - Density after immersion)/ Density 
before immersion)] x 100 

*2: A sample prepared similarly to *1 was applied to a Fade-0-Meter (carbon arc 
lamp, 63°C) for 3 h, and the dye fading rate was obtained by the same equation as 
*L 
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Effect 

(I) For the ink composition of Application Example 1, four items were evaluated and 
tested. The results are as follows. 

1) Image sharpness and image dryness: 

When the ink was jet-recorded on an individual commercially available sheet of paper 
under the condition of a particle frequency of 1 100 kHz from a nozzle with an inner diameter of 
30 urn, a sharp black image without blurring was obtained. The drying time of the recorded 
image was within 10 sec at normal temperature and normal humidity. 

2) Shelf life 

The ink was sealed in a glass container and stored at -20°C for 1 month, 4°C for 1 month, 
at 20°C for 1 year, and 90°C for 1 week, respectively. No precipitation was observed. No change 
was observed in the ink properties and the hue. 

3) Ejection stability 

The jet-recording of the above-mentioned 1) was continuously carried out for 1000 h, 
however no change was shown in nozzle clogging and ejection direction. Stable recording could 
be carried out. 

4) Ejection responsivity 

After jet-recording according to the above-mentioned 1), the ink was held at normal 
temperature and normal humidity for 1 month, at 40°C and 30% RH for 1 week, and 
jet-recording of 1) was carried out again. Similarly to the above-mentioned 3), stable recording 
could be carried out. 

(II) For the inks of Application Examples 2-5, the ejection responsivity was tested in the 
same manner as that in Application Example 1. Good results similar to those of Application 
Example 1 were obtained. On the contrary, in Comparative Examples 1-3, when the inks were 
held at normal temperature and normal humidity for 1 week and 40°C and 30% RH for 3 days, 
partial clogging occurred in each nozzle, and the ink ejection direction was considerably 
unstable, so that jet recording was impossible. 
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Claim 



A water-based ink composition, characterized by including at least one kind of 
water-soluble dye represented by the following general formula: 



Ri, R2: Hydrogen, alkyl group, alkoxy group, halogen, cyano group, carboxyl group, 
sulfonate, hydroxyalkyl group, carbamoyl group, and sulfamoyl group 
Ar: Phenyl group and naphthyl group substituted with, for example, a hydroxyl group, amino 
group, substituted amino group, alkyl group, and sulfonic acid group 
M: Cation of hydrogen, sodium, potassium, lithium, organic amine, etc. 
n = 1 or 2. 

Detailed explanation of the invention 
Field of the technology 

The present invention pertains to a water-based ink composition suitable for printing, 
writing tools, recorders, and stamps. In particular, the present invention pertains to a black water- 
based ink composition having excellent performance for inkjet printing. 



In an inkjet recording, for good recording over a long period, the ink for use is required to 
meet the following conditions. 




^<S0,M)n SQ*M M0,S 



Prior art 
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1) According to the liquid droplet generation method and liquid droplet ejection direction 
control method, the ink properties of viscosity, surface tension, specific conductivity, and density 
of the ink should be within an appropriate range. 

2) During long-term storage, use over a long period, or a period of recording inactivity, 
no precipitation should occur by chemical changes, etc., and ink properties should not change. 

3) A recorded image should have a sufficiently high contrast and should be sharp. 

4) Drying of printed images should be fast. 

In order to meet the above requirements, it is required that the molar absorption 
coefficient of the dye used in the ink be sufficiently high and the solubility of the dye in water 
and wetting agent be sufficiently high. 

Furthermore, for ink used in a full color printer, etc., the following are required. 

5) A hue with excellent purity should be exhibited. 

6) The recorded image must be a sharp image with sufficient waterfastness, lightfastness, 
and wear resistance without blurring. 

In order to meet the above requirements, a number of inks for inkjet recording have been 
proposed so far, however in actuality, inks that sufficiently meet all the above-mentioned 
conditions have not been obtained yet. 

The above required characteristics depend on the materials prescribed in inks, especially 
the dye, and the development of a new dye has been in demand to meet these requirements. 

Usually, a water-based ink composition is basically composed of a dye and a polyhydric 
alcohol called a wetting agent or its esters and water, and if necessary, additives such as 
antimicrobial agent are also included. 

As dyes in a conventional black water-based ink, there are direct dyes and acid dyes such 
as CI. Direct Black-4, -17, -19, -32, -38, -51, -75, -112, -154, etc., and C.I. Acid Black-1, -2, -7, 
-24, -28, -94, etc. 

However, since the direct dyes among these have poor solubility, the image density and 
the contrast cannot be sufficiently raised by increasing their concentration. 

Also, although the acid dyes have good solubility, since the waterfastness of images is 
inferior, specially processed paper must be used. 
Objective 

The objective of the present invention is to provide a water-based ink composition in 
which the above-mentioned conventional drawbacks are solved. More specifically, the objective 
of the present invention is to provide a black water-based ink with excellent ejection 
characteristics, especially excellent image sharpness, waterfastness, and lightfastness, without 
clogging. 



Constitution 

The present inventors used a specific dye as a means to solve the above-mentioned 
drawbacks, and as a result, it was discovered that it had sufficient effects. Then, the present 
invention was completed. In other words, the water-based ink composition of the present 
invention is characterized by including at least one water-soluble dye represented by the 
following general formula. 





Ri, R2: Hydrogen, alkyl group, alkoxy group, halogen, cyano group, carboxyl group, sulfonate, 
hydroxyalkyl group, carbamoyl group, and sulfamoyl group 

Ar: Phenyl group and naphthyl group substituted with, for example, hydroxyl group, amino 
group, substituted amino group, alkyl group, and sulfonic acid group 
M: Cation of hydrogen, sodium, potassium, lithium, organic amine, etc. 
n = 1 or 2. 

The content of the dye represented by the above-mentioned general formula is 
0.5-20 parts by weight, preferably 1.5-6 parts by weight relative to the ink at 100 parts by 
weight. If the content is less than 0.5 part by weight, the effect as a colorant is weak, so that the 
hue of the image obtained is insufficient. If the content is more than 20 parts by weight (20 parts 
by weight are not included), precipitation occurs in the ink over the long term, so that inkjet 
recording tends to be insufficiently carried out. 

Next, specific examples of said dyes are mentioned. 
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These dyes can be easily synthesized. For example, the dye shown in Specific 
Example (1), 3.7 g 4,4'-diaminostilbene-2,2'-disulfonic acid are tetraazotized with 1.5 g sodium 
nitrite in 100 mL water and 8 mL hydrochloric acid (10°C, 3 h). 3.6 g H acid and 150 mL water 
are added to the tetraazotized solution and reacted with sodium acetate at pH 3 for 8 h while 
being well stirred. Next, the reaction solution is alkalinized with sodium carbonate, and a 
diazotized solution of 1.0 g aniline is gradually added to it at 5°C or below to it and reacted for 
1 h. Then, this solution is acidified, and 1.1 g m-phenylenediamine. pH is adjusted to 4-5 with 
sodium acetate and reacted at room temperature for 8 h. After the reaction is completed, it is 
salted out with table salt, so that 8.6 g black dye (yield 85%) with the structure shown by (1) are 
obtained. 

The ink of the present invention uses water as the solvent component, and in order to 
adjust the ink properties to the desired values, to prevent the ink from drying, and to improve the 
solubility of the dye, the following water-soluble organic solvents can also be mixed with water 
and used. 

Polyhydric alcohols such as ethylene glycol, diethylene glycol, triethylene glycol, 
polyethylene glycol, polypropylene glycol, and glycerin; alkyl ethers of polyhydric alcohols such 
as ethylene glycol monoethyl ether, ethylene glycol monobutyl ether, diethylene glycol 
monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol monobutyl ether, 
triethylene glycol monomethyl ether, and triethylene glycol monoethyl ether; 
N-methyl-2-pyrrolidone, 2-pyrrolidone, 1,3-dimethylimidazolidinone, dimethylformamide, 
triethanolamine, etc. 

Among these, diethylene glycol, polyethylene glycol 200-600, triethylene glycol, 
ethylene glycol, glycerin, and N-methyl-2-pyrrolidone are especially preferable, and a high 
solubility of the dye and a clogging prevention effect due to preventing moisture evaporation can 
be obtained by using them. 

The content of the above-mentioned water-soluble organic solvent in the ink can be in a 
range of 5-80% relative to the total ink weight, and the content is preferably in the range of 
10-40% in terms of viscosity, dryness, etc. 

In the ink of the present invention, conventional dyes and additives can be added in 
addition to the above-mentioned dyes and solvents. 

As antiseptics and antimicrobial agents, sodium dehydroacetate, sodium sorbate, sodium 
2-pyridinethiol-l -oxide, sodium benzoate, sodium pentachlorophenol, etc., can be used in the 
present invention. 

As a pH adjustor, any substance can be used as long as the pH of the ink can be 
controlled within a range of 9.0-1 1.0 without having a negative influence on the ink being 
prepared. 
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As examples, amines such as diethanolamine and triethanolamine; hydroxides of alkali 
metal elements such as lithium hydroxide, sodium hydroxide, and potassium hydroxide; 
carbonate of alkali metals such as ammonium hydroxide [sic], lithium carbonate, sodium 
carbonate, and potassium carbonate, etc., are mentioned. 

As a specific conductivity adjustor, for example, there are inorganic salts such as 
potassium chloride, ammonium chloride, sodium sulfate, and sodium carbonate, water-soluble 
amines such as triethanolamine, etc. 

As a chelating agent, for example, there are sodium ethylenediaminetetraacetate, sodium 
nitrilotriacetate, sodium hydroxyethylethylenediaminetriacetate, sodium 
diethylenetriaminepentaacetate, sodium uramil diacetate, etc. 

As an anticorrosion agent, for example, there are acidic [sic] sulfites, sodium thiosulfate, 
ammonium thioglycolate, diisopropylammonium nitrite, pentaerythritol tetranitrate, 
dicylcohexylammonium nitrite, etc. 

In addition, water-soluble ultraviolet absorber water-soluble infrared absorber 
water-soluble high-molecular compound, dye dissolving acid, surfactant, etc., can be added in 
accordance with the purposes. 

Next, application examples and comparative examples of the present invention are 
shown. % is wt%. 

Application Example 1 

The following composition was heated at about 50°C, stirred and dissolved, and filtered 
by a Teflon filter with a pore diameter of 0.22 ^m, so that an ink was prepared. The properties of 



said ink are shown in Table 1. 

Dye from Specific Example (1) 3.0% 

Diethylene glycol 15.0% 

Glycerin 5.0% 

Sodium dehydroacetate 0.2% 

Water 76.8% 
Similarly to Application Example 1 except for using materials of the following compositions, 
inks of Application Examples 2-5 and Comparative Examples 1-3 were prepared. 

Application Example 2 

Dye from Specific Example (5) * 3.0% 

Diethylene glycol 15.0% 

Glycerin 5.0% 

Sodium dehydroacetate 0.2% 
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Water 76.8% 

Application Example 3 

Dye from Specific Example (9) 3.0% 

Diethylene glycol 15.0% 

Glycerin 5.0% 

Sodium dehydroacetate 0.2% 

Water 76.8% 

Application Example 4 

Dye from Speci fie Ex ample (12) 3.0% 

Triethylene glycol 10.0% 

2,2*-thiodiethanol 10.0% 

Sodium benzoate 0.2% 

Water 76.8% 

Application Example 5 

Dye from Specific Example (15) 3.0% 

Polyethylene glycol 200 5.0% 

Triethylene glycol monomethyl ether 15.0% 

Sodium benzoate 0.2% 

Water 76.8% 

Comparative Example 1 

Dye (C.I. Direct Black-32) 3 .0% 

Diethylene glycol 15.0% 

Glycerin 5.0% 

Sodium dehydroacetate 0.2% 

Water 76.8% 

Comparative Example 2 

Dye (C.I. Direct Black-5 1) 3.0% 

Diethylene glycol 15.0% 

Glycerin 5.0% 

Sodium dehydroacetate 0.2% 

Water 76.8% 

Comparative Example 3 

Dye (C.I. Acid Black-28) 3.0% 

Diethylene glycol 15.0% 

Glycerin 5.0% 

Sodium dehydroacetate 0.2% 
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Water 



76.8% 



Table 1: Properties of inks 
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1 Viscosity (cP) (25°C) 

2 Surface tension (dyne/cm) (25°C) 

3 *1 Waterfastness, dye fading rate (%) 

4 *2 Lightfastness, dye fading rate (%) 

5 Application Example 1 

6 Comparative Example 1 

7 *1: The ink was diluted to a dye concentration of 1 wt% with purified water, 
spread on an individual sheet by a doctor blade, and dried for 1 day in the air, so 
that a sample was prepared. The sample was immersed for 1 min in water at 30°C, 
and the density [of the image] was measured by a Macbeth densitometer. It was 
compared with the density before immersion. 

Dye fading rate: [(Density before immersion - Density after immersion)/ Density 
before immersion)] x 100 

*2: A sample prepared similarly to *1 was applied to a Fade-O-Meter (carbon arc 
lamp, 63°C) for 3 h, and the dye fading rate was obtained by the same equation as 
*1. 
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Effect 

(I) For the ink composition of Application Example 1, four items were evaluated and 
tested. The results are as follows. 

1) Image sharpness and image dryness: 

When the ink was jet-recorded on an individual commercially available sheet of paper 
under the condition of a particle frequency of 1 100 kHz from a nozzle with an inner diameter of 
30 \im, a sharp black image without blurring was obtained. The drying time of the recorded 
image was within 10 sec at normal temperature and normal humidity. 

2) Shelf life 

The ink was sealed in a glass container and stored at -20°C for 1 month, 4°C for 1 month, 
at 20°C for 1 year, and 90°C for 1 week, respectively. No precipitation was observed. No change 
was observed in the ink properties and the hue. 

3) Ejection stability 

The jet-recording of the above-mentioned 1) was continuously carried out for 1000 h, 
however no change was shown in nozzle clogging and ejection direction. Stable recording could 
be carried out. 

4) Ejection responsivity 

After jet-recording according to the above-mentioned 1), the ink was held at normal 
' temperature and normal humidity for 1 month, at 40°C and 30% RH for 1 week, and 
jet-recording of 1) was carried out again. Similarly to the above-mentioned 3), stable recording 
could be carried out. 

(II) For the inks of Application Examples 2-5, the ejection responsivity was tested in the 
same manner as that in Application Example 1. Good results similar to those of Application 
Example 1 were obtained. On the contrary, in Comparative Examples 1-3, when the inks were 
held at normal temperature and normal humidity for 1 week and 40°C and 30% RH for 3 days, 
partial clogging occurred in each nozzle, and the ink ejection direction was considerably 
unstable, so that jet recording was impossible. 
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